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IN COAL PREPARAT TUR WASTLS™
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University of California
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INTRODLCT I0¥

Coal 1s galning new strenpth as the world searches for more energy. Coal is

ot a very clean fucl, however. Many of its problems can be traced back to its
basfic composition, f.e., a sedimentary formation of combustible, organic material ~
containing inorganic rock and mineral matter. When mined, additional inorganic

terial which surrounds the coal seam may be taoken as coal seams are stripped as
rapidly and as economically as possible, From an environmental viewpoint, the
mincral macter in coal produces undesirable goseous and particulate pollutants

hich escape into the atmusphere when the coal is burned. To reduce these problems,
bout one-half of all the coal mined in the U. S. is cleaned or prepared near the
ine to remove sorie of the heavier, unwanted, mineral matter from the lighter
coal.! The prcpared coal that is sent to thc power plant is cleaner and thus gro-
duces less air contamination when burned than if it were not cleaned. The coal
reparation waste left behind, however, is not always innocuous. The choice

ppears to be between possible terrestrial poliution from coal preparation wastes
and obvious atmospheric pollution if these same materials were burned in the coal.

Coal prepzration wastes contain a broad array of accessory or trace elements.?
ﬁome elements, such as iron, sulfur, aluminum, silicom, potassium, calcium, mag-
iesium, titanium and sodium are present near or above the one percent level.? L
These elements form the major mincral species, such as pyrite. clays, quartz, cal-
cite, and rutile. Almost all the other elements are present in much lesser

nounts.? The chemistry of the various trace eclements in the coal waste structure
1s less well understood than it i1s in coal itself where, for all the years of study,
he subject of minor and trace clement che dstry and asscciations is still debated.
n any waste pile, however, each element will have some propensity tec be ieached
jand thereby cairried into the aaquatie envirapnmont  Tnvogtisntors in sovival ldloia-
ories throughout the country are working at trving to understand how the elerents
re associated in coal and coal wastes, and thereby what thelr leaching propensity
ight be, but, until this is accomplished, the most enlightening information atout
lerent levels in waste-pile drainages appears to be the drainages themselves.
J
Trace or accessory elements are bepinning to be recognized as serious water- .
orne contaminants. The corcern iabout elements in coal waste drainage stems from
ha ‘sensitivity of plant and animal iife to them. All elements can be tolerated at
ome level, hut miny cause mortality at even very low lavels. For example, it has
een reported that as little as 400 ppm of Fe or Al ions in soils can result in the
rtality of planis, and that fish kills may be caused by concentrations of thuse
ons as low as 0.5 ppm."" In acid environments, such as exist in the drainages
'from coal waste piles, it 1s not unreasonable te expect the levels of some elerents
to become this high or higher and thus threaten animal and plant life.

Dat. on eloment leachineg from ceal wasre are found to be somewhat restricted.?
iCcnerally, less than a dozen elements have been studied. Almost all are considered
major elements. Other than the acidity-producing ability (measured by leachate
!acidity and pll) of ceul waste, few parameters have been studivd which can help pre-
j[dict the belavior of elewents in the environment, Not even the percentages of
elements that can be leached appear to be known. In short, the environmental

* Work perfoiued under the auspices of the Unfted States Energy Research and
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behavlor of the clcments in coal waste plles is very poorly understood. e .
I

! Through 1975, only a few authors had studled the levels of clements found in
:the drainage from ccal waste pllus.’ Typically these clements have been those
readlly measured with atomic absorption, namely Fe, Al, Mn, Ca and Mp. Additional
:ionq less frequently reported, but measured by thls technique are Na, K, Zn, Ni and
Cu. Very scant quantitative data are available for P, B, Mo, Cl and Pb. Other
‘parameters frequently decermined for refuse drainage are pll, sulfate ion and total
solids, while total acidity and conductivity are less often measured.

! The 1little quantitative data avallable support what thos: who have seen the
run-off from coal waste piles would have guessed: the aqueous dralnage from coal
refuse usually contains considerable dissolved mineral or inorganic matter. For
drainages from coal waste piles in Pennsylvanla, West Virginla, Kentucky, Indiana
and Il1linois where the pH was below 3, disbulvcd iron levels are almost always well
labove 500 ppm and sulfate ions above 1500 ppm.® Some Pennsylvania coal waste
effluents have been found to have greater than 47 sulfate ion, while some Illinois
dralnages have over 1% dissolved iron.5 The highest ion concentrations are general-
ly found in the most acidic drainages.? 5 Certainly these elemental fon levels are
causc for concern, considering the sensitivity of plant and animal life to many of
them. i
! Recognizing the nced to understand the chemistry of environmentally harmful
trace elemenss released in the drainage of coal preparation wastes and the nced to
develop control technology for removing or recovering the elements of environmental
or economic Interest, EPA and ERDA, through an intzragency agrecment, initlated a
program at Los Alamos Sclentliflc Laboratory in 1975 to study these Problems The
data reported in the technical sections of this paper were obtaired as part of that
project. : i
| Y

.

_ . MATERIAL COMPOSITION

’ The coal preparation waste that we have studled came from the southern part of
Fhe Illinois Basin. This basin, which Includes 11llinols, Indicna, and western
Kentucky, Is one of the major coal mining arcas of the U. S. The coal in this arca
1s highly mineralized, especlally with pyrite, which is quite sensitive to wxidu-
tion aad yiclds suifurle ucid und sviubie jron, The waste materiai studled 1s rep-
resentat ive of the average dailv production of waste produced by a coal preparation
plant which cleans over 10,000 tons of coal per day. The mineral cuntent is given
in Table I.

The mineral composition of the wast: studied fits well into the range typic.l-
ly found in the Illinnis Basin.® (Some values like pyrite and marcasite and gypsum
may be a lictle high when the major clement content below is consldered.) Silica
(192) and aluminosilicates (39%) are the dominant minerals, while pyrite (17%) and
surprisingly marcasite (12%Z) comprise a major portion of tie remainder. Residual
coal comprises most of the unaccountable material (11%). This sample did havv:
surprisingly low calcite value. This could lower the Inherent acid nceutrallzing
ability of the waste material. Other than this, this material should leach like
much of the other coal preparation wastes from this reglon.

The major clements in the coal waste studied are those which make up the
minerals discussed above. A listing {s glven In Table LI. Some trace elements
which are potentially hazardows are given In Table L[IT. All thuuc clements are
typical of the values found In this arca of the Illinois Basin.
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. TARLE T R o TABLE 11 ewmratten o .. TAPLE 111

MINERAL CONTENT OF MAJOR INORCANIC ELEMENTS SOME TRACE ELLMENTS

AN ILLINOIS-DBASIN IN AN ILLINOIS-BASIN COAL IN AN ILLINOIS-3ASIN

EOAL PREPARAT ION WASTE " | PREPARATION WASTE COAL PREPARATI i WASTE

Mineral We. % Flement We. 2 Flerent e

'11l1te 11.7 si 13.6 Mn 147

i Kaolinlte 7.8 Fe 11.0 zn 12

| Other Clays 19.5 Al 5.] AT —— as 4.

nggTQ?m____Figu,}s.%: N I caplions wilL;ﬁﬁius “ac v ' 86
Pyrite 17.2 Ti 0.35 Cr 77

iHarcasite 12.4 Mg . 0.23 Ni 1

) Gypsum 1.2 Na 0.16 Cu 51

;Calcite 0.0 Ca 0.09 Pb k7

; Co 30

' Be 2.8

| cd 0.7

- - ———— -_———— ——

STATIC LFACHING STUDIES

Static leaching techniques offer a rapid method for determining the effects of
xperimental parameters. llowever, these techniques only roughly approximate the
actual enviionmental conditions encountered. We have used this technique to studv
ime, tempcrature, particle size, oxygen and pil effects on the element ieacaing
from coal waste materials. A few examples are prescnted below. . i

Crushed (-3/8") or powdered (-20 mesh) waste (50 g) was added to 250 ml of
leachate (distilled water or dilute sulfuric acid) contained in a 500-ml erlenmever
flask. The flask was either stoppered or fitted with a modified stopper designea
to allow alr Into the flask while rctaining the contents. Heatlng, when desired,
vas provided by a variac-controlled heating mintle. The completed flask assemdly
was inserted into a shaking apparatus that was uscd to agitate the sample during
the experiment. After the completion of the leach period, the sample was removed
irom the shaker,6and the lcachate and residuc were scparated by vacuum filtration.
The residue was rinsed with distilled water and the filtrate added to the leachate.

The leachate was tested for pll and then acidified with 6N nitric acid(to pre-
vent precipitate formation) and made up to 250 ml. Allquots from this were used to
! etermine total sollds and elemental ilon concentrations.

Selected results for a scries of experiments covering waste size and oxvgen
prescence for times up to 8 weeks are given In Figure 1. Illinois-Basin coal waste
produces an immediate drop in pH, reaching a value of 2.5 within a contact time of
ijust 1% minutes (Fipure 1A). This value continues to drop steadily in the pre-
gence of alr and is still droppinpg when {t rcaches 1.8 in 50 days. In the ubsence
of air, pl rises. (The initlal pll drop probably reflects the presence of oxypen in
the unpurped, but stoppercd tlasks.) Presumably, the chemlcal system is equilibrac~
k?ﬁ.ﬂ“??qﬂ“.‘°“°t4°“5 which consume or tic up hydrogen lons. _Thp_ﬂep;ctlon of
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(oo e T T s wvwouscrated by the Jormation of a vacuum in tho stoppered
flasks. l

The total dissolved solids an the leachate inercases dramatically as the ceal
waste 12 shaken in ale (Figure !B) . The data here are for a 5-to-1 water-waste
ratio and reflect that after 50 days the leachate contalns 47 dissolved sollds and
18 increasing appreximately 0.07% vvery day. In the absence of air only mdnor
increases occur, ' l

Very similar results to those for the dissolved solids are observed for iron,
hich reiterates the sensitivity of this element to oxygen (Figure 1C). The strong
lleaching power of highly contaminated and acidic leachate with dissolved air is
*cadily apparcent when it is seen that 407 of all the iron available is leached frem

he coal waste in 60 days. ' .
—f — tGur woaure caphons within thi, space - A X 7 e L

Particle size is also important in coal waste leaching. This is reflected by
he nearly 207 increase in iron leached from -20 mesh waste over that from -3/8"
aste (Figure 1D). With the trend towards the processing of finer material through
thc preparation plant (80% of the wasté¢ in this plant was minus 2 inches), waste
ile leaching will become more severe. - ;
Not all elements behave like iron, which starts out at a relatively low level
f solubility and rapidly increases with time (Figure 1E). Alurlpnum, a major comn-
tituent of clays and feldspars, 1s and remains quite insoluble. Nickel, an ele-
nt whose mineral association Is not known, on the other hand, 1s much more soluble
han iron. Indeed, a widc range of element solubilities might be expected. 1

An experiment to determine the solubility of a variety of elements in coal
aste was conducted on -20 mesh waste under room temperature, open air conditions.
ot entirely surprising, the elements which were present in the highest concentra-
{ons_in the leachate were generally those that were also present in the greatest _
mount in the bulk material (compare the '"amount leached” data in Table IV with
he data in Tables II and III). When the percentage of material present in the
ulk material that is leached 18 considered, a very different picture takes shape.

Calcium occurs in a very soluble form in this Illinois-Basin coal waste (see
the "% leached" data in Table IV). This is consistent with the sreocenzc of ypsua.
obalt, nickel, zinc, cadmium, and manganese also occur in relatively scoluble forms.
Frequently thought to occur as sulfides, they do not appear to be related to the
ulk of the iron which occurs as pyrite and marcasite and is less soluble. The
imilarity of vanadium and chromium to the clay elements,aluminum and potassium,
suggests that these elements may substitute for aluminum in the clay structure.
itanium is quite insoluble, as would be cxpected if it occurred as titanium
ioxide. This particular compound has been observed in the waste, using an elec-
Fron microprobe, More conclusivc elemental leaching behavior and mineral associa-
tions will arise as more data become available. Static leaching experiments will
krovide a rapid method for providing much of that data.
|
COLUMN LEACHING STUDIES ; !

Dynamic column leaching experiments provide a laboratory technique to answer
h major criticism of the static lezching mecthods, i.e., they more ncarly approxi-
mate recal-life conditions. On the other hand, dynamic experiments are somewhat
more difficult to control, are time consuming, and rarely provide time-dependent,
‘percentage-of-element-leached type data without resorting to mathematical gymnas-
tics. In spite of these difficulties, column leaching experiments provide quite

eful information which can be of use to understand how waste piles bchave under

ileaching conditions and to indicate :the types of methods that might be neccessary
to control waste pile leaching. v .

Crushed waste samples (1500 g) were mixed and carcfully loaded (to insure
uniform distribution) Into a glass column 70 cm 'ung and 4.6 cw in diameter. This
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. ELEMENTS RELEASLD FROM AN LLLINOIS-BASIN COAL WASTE
!
DURING 4 DAYS OF Aquious Liaciruc(® i
: Amount Lceached (b) 2 of Total
Elcment (/g of Wisted Element Element Leactod
' Fe 16400 Ca ”
I Ca 680 Co : 60
. o|
Al 570 Ni 46
" Mg 216 Zn 42
xe—— Figurces cgg*® ‘igure captio- within t'eq “poce - SYe x 735 >
Na % ' : Mo 28
Zn 48 Fe 14
i Mn 40 As 9
Ni 31 Mg 9
Co 18 Cu 7
As 7 Be 6
Cu 4 Na S
Ti <2 v <3
v <2 ' Ccr 1
i Cr 1 Al 1
—Bo— 0.2 — P . Y<1 -
cd 0.2 K A 0.8
| Pb <0.2 Ti fen.1
| (a) ’
i =20 mesh waste opene.. vo alr at room temperature |
! (b) Also aqueous level if 1 g of waste is leached with 1 g of water

I
—«¢-—-——— Figures and ligure cap!ians witkin tiis space - 5% x 7 ———-—b—l

column had previously been drawn at the bottom to provide a small (7 cm) orifice.
An overflow tube (7 cm) was provided at the top. Particle retention was insurad by
placing 5 cm of glass wool at the top and bottom of the column. Distilled water,
which had been equilibrated with air and had a 100 cm pressure head was metered
upwards through the column tc prevent plugging. Flow rates werce gencrally around
45 ml/hcv. During experiments where air was passed through the columm, the leuchate
was removed through the bottom orifice and air blown (280 £/hr) upwards.

| Leachate samples (35 ml or 100 ml) were collected periodically, their pH
determined, and then acidirfied with 10 volume perccnt of 6N nitric acid. These
acidified samples were then anmalyzed for total dissolved solids and inorganic ele-
ksents and the data corrected for di' :tior.
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cont fnuously chroupgh a corl wasite column are shewn in Floure 2. (A much rore co~

iprehens fve compilatfon will appear {n the annual report of this projecr.) The low
Hafedal pll value (1.7) s much 1ike the value observed in the statie experisents
‘above.  The shape of the pH-volurme curve reminds one ot a3 weak-aceld titration
lecurve. lere the Inflect fon point occurs around 3000 ol or ncearly 6 times the vol-
Fme of water (310 ml) nceded to cover the coal waste. The early rise in pil sup-
gests that a maderate amount of acidic material is origlnally present and that o<re

8 not readily formed with the influx of fresh water. | I

! The initial iron content (over 10000 ppm) in leachate from coal waste is hi:x

(Figure 2). The level falls off extremely fast .nd is only a few hundred ppm alzer
liters has passed through the 1500 g mass. The level eventually drops to 10-22

pm and rumalns constant after 10 liters have been collected. It would appear thst

nly a certain amount of soluble iron is {nitiallv prescat, that this is flushed

ut, and that additional soluble iron does not form rapidly.

The 1iron behavior in the continuous flow system is dramatically different fr:a
hat in the statie system. (Compare the -3/8" open system data in Figure 1C with
hat in Figure 2, using 1 liter of volume as being approximately equal te 1 day c:
ime.) 1The failure of significant amounts of soluble iron to form in the flowing
ystem suggests the absence of the proper conditions in this system to oxidize
rite. The importance of oxygen and ferric ions as facrors in the oxidation of
yrite has long been rccognized.’ Astronomical increases in oxidation of pyrite ty
ron bacteria have also been observed.’ In general, the rate-determining stup,
xidation of ferrous ion to ferric ion, occurs rore rapidly at higher pH.7 Thus,
does not agpear to bte a factor. Silica and clays, on the other hand, can catal:rze
he reaction. All in all, it appears that removing the pyrite oxidation procducts
rom the vicinity of the pyrite and minimizing contact with contaminated water
educes the overall contamination by pyrite oxidation. Y

Data fa}—pﬂ and iron concentration leveis in a leachate when the water flow s
erlodically interrupted and air is blown through the waste ire shown in Figure 3.
e first parts o. the curves (until the interruption for air) are like those in
e continuous leach experiments (Figure 2). After air is blown through the colum
or 1 day, however, the pH drops upon resumption of leaching and the iron ccncen:z-a-
ion doubles (285 ppm rises to 550 ppm). As the leaching continues, these para-
mtere reaturn ta annravimarely rhe cozp vglues as thesc cxpecied LD nu luiertuptlon
ad occurred. When air is blown through the column for 7 days, the drop in pH
ecom?s much more nronounced, ind the iron concentration increases 12-fold (78 p;a
ises to 1000 ppm).
1
Too little data are available for a s)511d explanation about the behavior
f the discontinuous leaching system. Two plausible explanations for the increascs
n acid and iron conceatration, however, are increased oxygen transport and mini-
ptatic/equilibrium leaching sites. Since the waste never:hecame dry during either
pir-flow period, small "ponds" of contaminated leachate could have formed. Unlike
he flowing water with its relatively fixed amount of oxygen, these little 'ponds”,
uld easily supply their oxvgen content to the reaction site and readily be re- .
lenished by the passing air. ’ ' - i

The discontinuons iseaching of coal wast: indicates serious potential proble=s
hat might occur during the disposal of coal waste. Waste mrterials are generally

discarded wet or damp. This shoula be a condition highly suitable for pyrite oxila-
kion, nlso wastes discarded in the midwesc and east receive substantial amounts ol
kain before they are covered. 1lhese generally drain but remain damp fzv long
periods . Again ouidation should be prevalent. Good disposal nrocedures miy neced
Ez include considerations dealing with moisture ccntent, spreading area, and time

delay before covering in orvder te minimlze acid and leachable iron producticn.
' |
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Coa) preparatlon waste contains a multitude of leachable elements. Data for
18 clements are presented here. Generally these elerments occur In the waste leo_ Y-
ates at levels related to thelr ccenrrence tn the waste,  Closer inupection reveals,
however, that some elements are much more leachable than others.  Thus, for
glllnols—uunin waste fron {5 found to be present {n waste leachate {n hiyh arounzs,
ut this amount represents onlv a small percentape of the total iron In the wast-.
obalt and nickel, on the other hand, are not very plentiful in the waste, but zre
t;ghly leachable.  Aluminum, a major constituent of clays in the waste, s very )
orly leachud. ) |

Oxypen availability is a prime factor in the production of soluble ifron whi:zh
ts readlly flushed from the waste. DParticle size Is less important. Under darcp
onditions and with plenty of alr, pyrite oxidizes rapidly. This latter sftuati:za’
boscs a problem for the plant operatur, as coal preparation wastes are discarded
damp and rcmain so via rainstorms for long periods before they are covered.
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